Abstract The silvicultural management of coppicing has been very common in deciduous forests in many European countries. After decades of decline of this practice, socio-economic changes might induce a revival valuing the biomass as a resource. New insights in the ecological processes that regulate plant diversity are relevant for a sustainable forest management. While studies on long-term changes are available, the shortterm dynamics of the coppice forest understorey has not yet been explored. In this context, it is interesting to evaluate the species compositional changes, including the processes of species turnover and species impoverishment (nestedness) and to investigate the role of plant functional traits. For this purpose, we resampled a chronosequence of complex coppice beech forests of the Central Apennines (Italy) monitoring the shorttime species dynamics of five years (i.e. from 2006 to 2011) in three age classes, i.e. post-logged, recovering and old coppice stands (0-16, 17-31 and > 32 years, respectively). In contrast to our expectation, declining species richness appeared only in the recovering stands, while the landscape scale (between-stand) heterogeneity, except for post-logged and recovering stands in 2011, did not change over five years. Significant temporal nestedness was found in each stage of succession. However, the rate of species turnover and species impoverishment do not significantly differ among the three age classes, indicating their constant importance along the forest regeneration after disturbance. Only in the early stage of forest regeneration after coppicing, species compositional changes are reflected by functional changes with surviving understorey species having clonal regeneration traits. Our results suggest an overall landscape-scale stability (and sustainability) of this coppice forest system. We conclude with management indications, highlighting the importance of maintaining the traditional local approach (coppicing with standards in small 0.5-1.0 ha sized management units with a ca 30-year rotation cycle) where active coppice parcels are interspersed by abandoned stands.
Introduction
The silvicultural management of coppicing has been very common in mixed deciduous forests in many European countries. In European Mediterranean countries, where it covers an area of about 23 million hectares, it still represents a widespread method of forest exploitation (Peterken 1981) . In Italy, about 3.9 million hectares of forests are managed as coppice (Ciancio et al. 2006 ). In the Central Apennines, the woodlands dominated by Fagus sylvatica L. were mostly coppiced until the last century (Pavari 1999) . After some decades of decline of this forest management, present socioeconomic changes might induce a revival of this management system, linked to renewable heating fuel or biomass for energy production (Coppini and Hermanin 2007) .
Such forest land use is strongly relevant for the conservation of understorey plant diversity (Kopecký et al. 2013 ); therefore, more ecological studies to shed light on mechanisms of vegetation dynamics are necessary.
The coppice-with-standards management system relies on the vegetative re-sprouting ability of trees after felling and on the standards that act as seed source. Around 10-16 years after cutting, the consequent alternations of non-linear growth and self-thinning processes lead to a complex tree stand with vertical and horizontal heterogeneity (open-to-close dynamics -Barkham 1992; Bartha et al. 2008; Canullo et al. 2011a ). These forest structure dynamics generate progressive changes in local micro-environmental conditions (moisture, light and nutrient availability -Campetella et al. 2011) influencing plant species richness and understorey composition (Decocq et al. 2004) . Studies based on diachronic measurements in permanent plots (Mason and Macdonald 2002; Rogers et al. 2008; Hédl et al. 2010; Müllerová et al. 2015) and chronosequences (space for time substitution in convergent successional trajectories, Bartha et al. 2008 ) highlighted a general decrease in understorey species richness after the last coppicing. The major contribution to species richness erosion is usually accounted on the loss of non-forest species, less equipped to persist in environments with lower light availability (Bartha et al. 2008; Baeten et al. 2009 ).
The taxonomic approach to the study of the understorey dynamics in coppice forests has been recently linked to the functional trait approach. In fact, plant functional traits (PFTs) demonstrated to be a very effective tool in understanding the crucial processes shaping the patterns within ecosystems (Lavorel and Garnier 2002; Wellstein et al. 2011) .
In managed forests, the different regeneration phases after logging generate a change in environmental conditions which act as filters on plant functional traits mainly pertinent to dispersal (i.e. seed mass, seed bank persistence, seed releasing height -Froborg and Eriksson 1997; Graae and Sunde 2000; Graae et al. 2009) , to establishment (i.e. specific leaf area - Dahlgren et al. 2006; Campetella et al. 2011; Kopecký et al. 2013) and to clonal regeneration (Moora et al. 2009; Canullo et al. 2011a) . Therefore, these PFTs might be relevant in determining species persistence/ extinction along different dynamic phases of coppice forest regeneration, but the role of each PFT in such phases is still not completely clear.
The available information describing the dynamics of understorey plant diversity changes in coppice forests usually come from diachronic studies resampling vegetation after long time periods (i.e. from 50 to 100 years; Van Calster et al. 2007 , Baeten et al. 2009 , Hédl et al. 2010 , Kopecký et al. 2013 or chronosequences (Godefroid et al. 2005; Bartha et al. 2008; Campetella et al. 2011) . However, approaches aimed to explore short-term understorey dynamics are lacking. Monitoring protocols suggest a time lag of at least five years to appreciate detectable changes in ground vegetation (Canullo et al. 2011b) .
In the present contribution we aim to study the shortterm (i.e. five years, 2006-2011) plant understorey dynamics of a still active beech coppice forest system in the Central Apennines (Italy). For this scope, we resampled 39 stands, belonging to different periods of forest regeneration after logging: post-logged plots (PL) including stands coppiced within the last 16 years and characterized by fast open-to-close dynamics, recovering plots (RE) from 17 to 31 years old, and old coppice plots (OC) including mature stands left unexploited for at least 32 years. This system is managed since centuries and it is characterized by small coppiced units interspersed with abandoned stands, generating a complex landscape of forest stands in different dynamic states (i.e. different years since the last coppicing).
Analysis of beta diversity (variation of the species composition of plant assemblages over time) may reflect two different phenomena: species turnover and nestedness of assemblages. They result from two antithetic processes (Gaston and Blackburn 2000) , namely species replacement resulting in species turnover and species loss resulting in nestedness (Baselga 2010) . According to Elmendorf and Harrison (2009) , nestedness can occur when most species respond similarly to inter-annual variation in conditions, while turnover can occur when different sets of species are present in different years, either because of different resource requirements or as a result of competitive exclusion.
In this paper we explore the short-term changes in species composition and diversity, testing if the postlogged stands are more heterogeneous with respect to the older age classes and if changes in heterogeneity are appreciable between the two sampling periods (H1). Considering the marked environmental changes occurring during the early phases of forest succession after logging (Barkham 1992; Bartha et al. 2008) , we also hypothesize a significantly higher species turnover after five years in post-logged stands with respect to the older age classes (H2a) and, by contrast, we expect higher level of species impoverishment (nestedness) in the older age classes (H2b). Furthermore, we explore the mechanisms behind the changes in understorey species composition, evaluating the role of plant functional traits related to clonality, dispersal and establishment in driving species presence/absence after five years in the three age classes.
Material and methods

Study area
The study area is located in the central-Apennines, Monti Sibillini National Park (Southern Marche Region, Italy, Fig. 1) . The area belongs to the bio-climatic 'warm' Fagus forest zone (800 m to 1500 m a.s.l.) according to Piovesan et al. (2005) . Mean annual rainfall range from 1100 to 1400 mm and mean annual temperatures from 8 to 12°C (Amici and Spina 2002) . The bedrock is mainly Mesozoic and Tertiary limestone, with a smaller area of Tertiary arenaceous marly flysch sandstone in the southernmost part. The studied beech forests belong to the Cardamino kitaibelii-Fagetum sylvaticae and the Lathyro veneti-Fagetum sylvaticae associations.
In the study area, the coppice rotation is usually 25-30 years and the size of unit coppiced in a single event is usually 0.5-2 ha (Canullo et al. 2009 ). The small size of coppiced units, the diverse mixture of management states (different years since the last coppicing), the variability of management types (different number and quality of released standards) together with the environmental variability of the area, generate a landscape supporting a considerable level of heterogeneity (Bartha et al. 2008) .
Experimental design
In the study area, we selected 39 forest stands from a chronosequence (Campetella et al. 2011 ) of 0 to 90 years since last logging in order to ensure the maximum degree of representativeness of the system (Bartha et al. 2008 ). According to Canullo et al. (2011a) and Campetella et al. (2011) , three age classes have been distinguished in this chronosequence: post-logged (PL) plots coppiced within the last 16 years and encompassing all the sites where the canopy closure is still not complete (n = 10); recovering plots (RE) 17 to 31 years old, where the main features of coppice forest structure are under recovery (n = 9); old coppice plots (OC), including sites left unexploited for at least 32 years (n = 20). See the Supplementary material (S1) for details.
The bedrock of all stands is limestone and the elevation ranges between 1000 and 1400 m a.s.l. The plots of 20 × 20 m were sampled in 2006 (between end of May and end of July) and resampled in 2011, each time recording species presence/absence of the herb layer. The herb layer is here defined as the layer including all the species between the maximum height of the herbaceous vegetation and the soil.
Plant functional traits
For the sampled species we chose four core plant functional traits (PFTs, Supplementary material S2) that already proved to be relevant in determining species permanence/extinction during the forest succession after coppicing (Froborg and Eriksson 1997; Graae and Sunde 2000; Dahlgren et al. 2006; Graae et al. 2009; Moora et al. 2009; Canullo et al. 2011a; Campetella et al. 2011; Kopecký et al. 2013 ). These traits are: seed mass and seed releasing height, having implications for the space/time dispersal ability; specific leaf area (SLA), a good surrogate for ability to use light efficiently; the stem as a clonal growth organ (stem as CGO), as one of the most important clonal traits with implications for the re-sprouting abilities and nutrient storage (Canullo et al. 2011a ). The selected four PFTs are characterized by the absence/low level of correlations (see the Supplementary material S3).
Furthermore, in the same study area, the trait stem as CGO is significantly correlated to many other characteristics of clonal organs (see the Supplementary material S4), and for this reason it has been selected as a proxy of the plant clonal abilities.
Attributes were given to understorey species, excluding trees, shrubs, seedlings and undetermined entities.
Data analysis
Changes in species diversity and spatial heterogeneity
To account for temporal variations in species diversity in each considered age class, we tested if the species number of all vascular plants (alpha diversity at plot level) significantly differs between sampling periods using Wilcoxon signed-rank tests.
We used the analysis of multivariate homogeneity of group dispersion (PERMDISP, Anderson et al. 2006 ) in order to evaluate changes in spatial beta diversity among the three age classes and temporal beta diversity over time (H1).
As a measure of compositional dissimilarity, we used the Simpson index for presence/absence data because it is independent from richness differences between samples (Koleff et al. 2003) .
Species temporal turnover analysis
To quantify the species turnover that occurred after five years within each age class (H2a), we used the Simpson dissimilarity index (β sim ) based on pairwise comparison. Baselga (2010) described β sim as one of the component of the total beta diversity (β sor -Koleff et al. 2003) , therefore the turnover analysis was calculated as follows:
where a is the number of species common to both plots, b is the number of species that occur in the first plot but not in the second and c is the number of species that occur in the second plot but not in the first (Baselga 2010) . The significant changes in species turnover values among the three age classes was tested using non parametric Kruskal-Wallis Test.
It is important to highlight that β sor also contains a nestedness component (β nes ), but the concept of dissimilarity due to the effect of nestedness patterns highly differs from nestedness in absolute terms (Baselga 2010; Almeida-Neto et al. 2012) . In fact, Baselga (2010) simply considers nestedness as the difference in species richness which is not due to species turnover . Therefore, we preferred to use a more appropriate method for the nestedness calculation .
Temporal nestedness analysis
To quantify the species impoverishment (nestedness) that occurred after five years within each age class (H2b), we selected a novel approach proposed by Kopecký et al. (2013) : the temporal nestedness analysis (TNA). Nestedness occurs when species-poor assemblages represent a subset of the species that occur in more species-rich communities (Atmar and Patterson 1993; Ulrich et al. 2009 ). Examinations of nested distribution patterns across time rather than space are rarely conducted, even though they may have important implications for species coexistence (Kopecký et al. 2013) .
We compared the observed temporal nestedness (TN) between 2006 and 2011, for each age class (PL -10 pairs; RE -9 pairs; OC -20 pairs), to the distribution of 999 TN values generated by random reshuffling of the survey period between temporally paired plots. In detail, (a) we calculated the nestedness value based on overlap and decreasing fill for plots (Almeida-Neto et al. 2008) between each pair of plots (NODFplots) belonging to the respective age class; then (b) we averaged these NODFplots values into a TN value; and, finally, (c) we compared the observed TN value to the distribution of 999 TN values generated by the random reshuffling. For further details related to this methodology, please refer to Kopecký et al. (2013) .
The significant changes in species turnover values was tested using the non-parametric Kruskal-Wallis Test.
Explaining compositional changes by plant traits
To test if the changes in species composition were determined by a specific PFT within the three age classes, we used a conditional inference tree based on the inference between the variation in species distribution (2006) (2007) (2008) (2009) (2010) (2011) and the list of PFTs. Conditional inference tree estimate whether the selected PFTs determine species partitioning into homogenous groups with respect to changes in species occurrence between the samplings (Kopecký et al. 2013) . The algorithm selects the input variable with the strongest association to the response and stops if the null hypothesis of independence between the input variables and the response cannot be rejected. We used the conditional inference trees, because (a) they account for nonlinear hierarchical relationships, (b) they treat categorical, ordinal and quantitative data simultaneously, and (c) they deal with missing values (De'ath and Fabricius 2000) . In each split of the tree, all species traits are tested and the trait that best discriminates between homogeneous groups of species is selected.
All statistical analyses were performed with R version 2.14.1 (R Development Core Team 2011). In particular the following R packages were used: package 'vegan' (function 'betadisper') for the analysis of multivariate homogeneity of group dispersion (Kopecký et al. 2013) ; package 'betapart' (function 'beta.pair') for the Simpson dissimilarity index calculation (Baselga 2010) ; package 'vegan' (function 'nestednodf') for temporal nestedness analysis (Almeida-Neto et al. 2008; Kopecký et al. 2013) ; and package 'party' (function 'ctree') for conditional inference trees (Hothorn et al. 2006) .
Results
Changes in species diversity and heterogeneity
In the short time period between the two diachronic surveys, a significant reduction in alpha diversity occurred only in the plots belonging to the recovering age class (40.1 ± 9.4 in 2006 with respect to 33.0 ± 9.3 in 2011, P = 0.03) while no significant changes were seen in post logged (56.20 ± 21 in 2006 and 61.5 ± 19.55 in 2011, P = 0.307) and old coppice (30.5 ± 7.7 in 2006 and 31.6 ± 15.3 in 2011, P = 0.466) plots.
Species composition (beta diversity) showed different results among the tree age classes for the two sampling periods. In 2006 there were no significant differences in taxonomic heterogeneity among the three age classes; on the contrary the 2011 survey showed a significant increase in taxonomic heterogeneity of the forest understorey when comparing the post-logged with the recovering age-class (PERMDISP, F = 5.24, P = 0.03, Fig. 2) . Furthermore, within the three age classes there were no significant changes in heterogeneity between the two sampling periods.
Moreover, after five years, the cumulative number of species (total number of sampled species) declined in the first two age classes, while it increased in the oldest age class (species in 2006/2011 of each age class: PL: 249/215; RE: 149/133; OC: 137/190).
Species turnover
The observed values of species turnover (post-logged, β sim = 0.368 ± 0.150; recovering, β sim = 0.369 ± 0.138; old coppice, β sim = 0.371 ± 0.120) were not significantly different among the three age classes (P = 0.938; Table 1a ).
Species impoverishment
According to the TN analysis, the species assemblages in the year 2011 were temporally nested subsets of those from the year 2006. In all cases the observed TN values exhibited a significant higher degree of TN with respect to the randomly generated assemblages (post-logged, TN = 46.35, SES = 3.30, P = 0.001, Fig. 3a ; recovering, TN = 51.02, SES = 4.53, P = 0.001, Fig. 3b ; old coppice, TN = 45.75, SES = 4.54, P = 0.001, Fig. 3c ).
The TN values were not significantly different among the three age classes (P = 0.918, Table 1b). The processes of species turnover (β sim ) and species impoverishment (TN) do not significantly differ among the three age classes (as indicated by the same letter "a").
Plant Functional Traits Explaining Compositional Changes
Analysing the relationship between species distribution and the selected PFTs, the conditional inference tree indicated, only for PL plots, that species change was mainly driven by the PFT stem as CGO, which significantly discriminated between a homogeneous group of species that strongly decreased (Supplementary material S5, S6; Node 2, N = 63, mean = −0.75, SD = 1.20) and a larger group of species that slightly decreased (Supplementary material S5; Node 3, n = 160, mean = −0.21, SD = 1.33). PFTs related to establishment and dispersal didn not significantly discriminate any group of species within the three age classes.
Discussion
Changes in species diversity and heterogeneity
The results show that there are no significant differences in the compositional heterogeneity both among the age classes and between the two diachronic observations, leading us to the rejection of the hypotheses H1. The only exception was represented by the 2011 survey, in which, surprisingly, the results show a more heterogeneous composition in the RE age class when compared to the PL stands. The same pattern didn't emerge between PL and RE classes in the 2006 survey.
Our results are in contrast with the findings of Kopecký et al. (2013) : in a forest landscape in which the coppicing management has been abandoned for 50 years, they found a decline in compositional heterogeneity, indicating taxonomic homogenization of the forest understorey due to the structural homogenization of the canopy. However, our forest study system is characterized by a complex mosaic generated both by geomorphology and active human management. In this context, at the plot level, the process of forest succession (i.e. structural homogenization of the canopy) seems to be not the only driver shaping the changes of the understorey vegetation. In a such heterogeneous landscape the succession pathways may be differentiated according to the surrounding forest patches (Decocq et al. 2004) and to environmental factors such as inclination and exposition (Campetella et al. 2011) .
The only change in compositional heterogeneity was detected between PL and RE plots in 2011, but surprisingly the older plots were more heterogeneous than the younger ones (Fig. 2) . Probably the recent disturbance (coppicing) in PL plots played an important role in homogenizing the understorey communities, independently with respect to the surrounding ecological context. On the opposite, despite the homogenizing process of canopy closure at the plot level, the RE plots were more significantly influenced by the surrounding context (i.e. open grasslands, forest roads), including also the logging activities occurring in neighbouring forest parcels.
Only in RE plots the decline in total species richness between 2006 and 2011 was accompanied by a significant reduction in alpha diversity. On the contrary, in PL and OC plots the respective decrease and increase in total species richness between 2006 and 2011 was not supported by significant changes at the plot level, indicating the importance of the spatial scale and the influence of the environmental context.
In the PL and RE age classes, the reduction in the total number of species was most likely due to the dynamic of canopy closure leading to a reduction of the light resource for the understorey vegetation (Ciancio et al. 2006; Campetella et al. 2011) . Anyway, the short time of the diachronic observations seemed to be enough to appreciate significant changes at the plot level (alpha diversity) only in the RE plots.
In the OC age class, the surprising observed increase in the total number of species was particularly due to the establishment of non-forest and generalist species in 3 of 20 plots. Field observation led us to suggest the presence of open habitats or forest clearings (i.e recent coppiced stands in the surroundings) as the source of such local changes.
Underlying mechanisms: species turnover and nestedness Results on species compositional changes after five years revealed that both the mechanisms of species turnover and species impoverishment (nestedness) did not significantly differ among the three age classes of forest regeneration after coppicing (Table 1a,b) . Therefore, both mechanisms surprisingly maintain their respective relevance in all the three age classes, revealing complex dynamics behind the species compositional changes after the short time-lag of five years.
These results led us to the rejection of both the hypothesis of a significant higher level of species turnover in the post-logged plots (H2a), and of a significant higher level of species impoverishment (nestedness) in the older stages (H2b).
Probably, the high level of landscape heterogeneity generated by the coexistence of both abandoned and active coppiced stands (Decocq et al. 2004) and by the variability of environmental factors, such as elevation, inclination and exposition (Campetella et al. 2011 ) played a fundamental role in conditioning the observed mechanisms of species compositional changes in the three age classes.
In fact, contrary to our expectation, the equal level of species turnover and species impoverishment emerged among the three age classes, could be explained by the occurrence of a complex mosaic (i.e. pastures, grasslands, differently aged and small stands, forest roads) surrounding the observed plots (Canullo et al. 2009 ). This landscape structure is able to activate a 'carousel' of species (e.g. temporary coexistence of light-demanding and shade-tolerant species, Decocq et al. 2004) in RE and OC plots, such as to ensure the reduction of their level of nestedness and the increase of their level of species turnover.
As mentioned above, the PL plots should be less influenced by the surrounding context due to homogenization introduced by the recent disturbance.
Considering each age class separately, we found significant values of temporal nestedness between the two diachronic surveys (Fig. 3) , indicating the possibility to detect this process also using the relatively short time-lag of five years. The apparent discrepancy between the significant TN (i.e. species impoverishment) and the not significant decrease in alpha diversity in PL and OC plots derived from the use of different methodologies. The TN analysis was based on pairwise plot comparisons (Almeida-Neto et al. 2008) , while the alpha diversity resulted from the simple mean number of species in each year.
At local (stand) scale, our results are consistent with Kopecký et al. (2013) , who found also significant temporal nestedness in an abandoned coppice system re-sampled after 50 years. However, our results do not support the landscape-scale forest homogenization found by Kopecký et al. (2013) ; this is probably due to the above described forest landscape context of our study, characterized by a mosaic of abandoned and still active beech coppice stands.
We also underline that no other studies using TN approach in coppice forests are available at the moment in literature.
Plant functional traits explaining compositional changes
The presence/absence of a clonal stem seemed to be the driving PFT (among the four considered PFTs) in determining compositional changes over five years only in the initial stage of forest regeneration after logging (PL plots, Supplementary material S5). On the contrary, none of the selected PFTs seemed to determine species changes after five years in RE and OC plots.
Several papers (Sammul et al. 2004; Moora et al. 2009 ) already showed the importance of clonal traits in forest succession. While some evidence underlined the major importance of clonality in shady and less disturbed conditions (van Groenendael et al. 1996; Silvertown 2008) , recent studies by Canullo et al. (2011a) and Campetella et al. (2011) in the same beech coppice systems highlighted the relevant role of clonal traits, mainly in the disturbed initial stage of forest regeneration. This evidence was confirmed by Halpern et al. (1999) , who highlighted the importance of clonal spread for the expansion of typical forest species in postharvested stands.
Clonal traits are related to plant regeneration after disturbance, supporting plant persistence in habitats with stressful abiotic conditions and increasing the fine-scale spatial resource acquisition (the 'forage ability' sensu Sammul et al. 2004) . In the present paper we tested the clonal trait stem as CGO because it has been demonstrated to be correlated to many other characters of clonal plants (see Supplementary material S4), including the ones that were relevant during forest succession according to Campetella et al. (2011) , e.g. long term connection, and Canullo et al. (2011a) , namely rhizomes.
Many of the plants with a 'clonal stem' usually have a below-ground rhizome growing horizontally, with a fast vegetative spreading and long internodes (Klimeš et al. 1997 ). These features help plants for finding a suitable place below the shade of trees and they seem to be particularly important in the early stage of forest regeneration when the canopy develops quickly (Stuefer 1996; Sammul et al. 2004) .
Studies on larger periods of time (20 years, Naaf and Wulf 2011; 50 years, Kopecký et al. 2013) or long chronosequences (90 years, Campetella et al. 2011) , found traits related to dispersal (i.e. seed mass) and to establishment (i.e. specific leaf area) as relevant PFTs in explaining compositional changes in coppice forests.
Our results show that the selected PFTs related to dispersal and establishment didn't play a key role in determining species assemblages during the short time period of five years in RE and OC plots. In these age classes, the canopy closure processes are already accomplished, the forest structure is formed and thus the ground-level environmental changes should be low. For these reasons, it is reasonable to state that the short time period of five years used in the present study is not capable of catching significant PFTs driving the compositional changes in RE and OC plots.
Implications for management
The sampling design adopted combining a chronosequence and the relative diachronic observations, were conceived to represent the typical spatiotemporal landscape-scale heterogeneity within the Sibillini mountain area. Therefore, the sampling design seems particularly important to contribute on practical management questions related to landscape-scale diversity and to the assessment of the major drivers acting on the landscape scale. The scientific debate on the sustainability of the coppice management is still open. According to our results for the studied system, coppice with standards seems to be sustainable in terms of the preservation of species diversity. Consequently, we are confident that, if the regional forest management policies will continue to ensure a certain level of landscape heterogeneity (i.e. relatively small coppiced stands and a high spatial variability of differently aged stands, including old and abandoned patches), coppice forest management can match the objectives of species diversity conservation and maintenance of ecosystem services.
Conclusions
In this study we demonstrated that the short-time diachronic observations were able to highlight important mechanisms for the maintenance of species diversity in a complex coppice forest system. Our results underline the importance of landscape heterogeneity in conditioning plot-scale species compositional changes: the 'shifting mosaic' consisting of differently aged forest patches together with a relevant geomorphological variability seem to be the key factors determining local ecological processes. In particular, landscape heterogeneity seems to be the main driver regulating the processes of species turnover and species impoverishment, mainly in the late successional stages (RE and OC plots). On the contrary, the early successional stage (PL plots) turns out to be more independent of the surrounding context due to the homogenization provided by the recent disturbance.
In the considered time-lag of five years, the clonal character stem as CGO is important in determining species selection only in the early successional stage (PL plots); on the other hand, PFTs related to establishment and dispersal seem to be not relevant in driving species changes in the late successional stages.
As a final remark, we conclude that the maintenance of the observed dynamic landscape with active coppice parcels interspersed by abandoned stands is strongly advised even in cases of revival of coppice management. On the contrary, every attempt of landscape homogenization (i.e. bigger managed patches, exploitation of abandoned stands, shorter rotation cycle) should be avoided.
